focused on the phenomenon where emergency physicians frequently accept transfers without discussing with the oncall orthopedist. 16 There have also been associations found between transferred patients and inferior outcomes. 17 Still other studies have focused on the low rate of evaluation by available orthopedic surgeons at the referring facility. 3, 8, 14 However, there have not been any studies to date that have looked at whether evaluation of patients by specialists from the referring hospital would make a difference in outcomes of transferred patients.
We intend to fill this gap by investigating whether evaluation by a specialist at the community centers makes a difference in the rate of inappropriate transfers. We also aim to investigate factors that are associated with inappropriate transfers for hand injuries at a single level I trauma center. Our goal is to answer the following questions: (1) What is the risk of inappropriate interfacility transfer for higher level of care? (2) Does evaluation by a specialist at the referring hospital lessen the risk of inappropriate transfers? (3) What other factors are associated with inappropriate transfers?
Materials and Methods
After obtaining institutional review board approval, we retrospectively reviewed all patients transferred to our level I trauma center from April 1, 2013, through March 31, 2014. We included all patients who had been directly transferred from an outside hospital. We analyzed the database for reason of transfer and included all patients who were transferred for upper extremity pathology at or below the ulnohumeral joint that would normally be treated by a hand surgeon. We excluded all patients without injuries distal to the ulnohumeral joint. We surveyed all notes and demographic information from our electronic medical records. We were able to find 213 patients who were transferred for injuries below the ulnohumeral joint. Of these, 151 (70.9%) were male and 62 (29.1%) were female. There were 102 white patients (47.9%), 15 black patients (7.0%), 83 Hispanic patients (39.0%), and 13 patients of other races (6.1%). There were 95 injuries to the left upper extremity (44.6%), 115 injuries to the right upper extremity (54.0%), and 3 bilateral injuries (1.4%).
We checked the electronic record for information on who had previously examined the patient. If this information was not apparent from the transfer record, we made attempts to contact the outside hospital to determine whether a hand specialist had actually examined the patient. If it could not be determined who had originally examined the patient at the outside hospital, the patient was categorized as unknown but was kept in our database.
Our main outcome variable was appropriateness of transfer. This was determined by finding the highest level physician who treated the patient. If the patient is treated and discharged from the hospital by junior residents alone, without specialist involvement, and the attending surgeon at morning sign-out agrees with the treatment given, then the case is deemed an inappropriate transfer, because the patient did not require higher level of care. If it is determined that the case indeed required attending hand surgeon intervention, then the patient's transfer is deemed appropriate. We calculated the odds ratio of inappropriate transfer comparing those seen by a specialist at the transferring hospital to those seen by a nonspecialist prior to transfer.
Other factors included in our analysis included sex, age, race, insurance status, time of transfer, type of injury, distance from referring hospital, and median household income of the zip code from which the patient was transferred. The variables of age, median household income, and distance traveled were studied as continuous variables. 
Statistical Analysis
We compared the ratio of appropriately transferred patients who were originally seen by an emergency department or primary care physician at the outside hospital to the ratio of appropriate transfers who had originally been seen by an orthopedic surgeon, plastic surgeon, or other specialist. Our continuous variables were studied using a Student t test and mean difference was calculated. We then calculated the odds ratio of inappropriate transfer based on the physician who had examined the patient at the outside hospital. Furthermore, we performed univariate chi-square analysis on each variable and its effect on the appropriateness of a transfer using the variable with the highest number of cases as a reference.
Sample size calculation was made for our primary research question regarding specialist evaluation. Assuming an inappropriate transfer risk of 60% based on the results of other studies 2, 4, 5, 12, 14 when evaluated by nonspecialists, assuming a 50% reduction in inappropriate transfer if seen by a specialist (30% inappropriate transfer risk), assuming that there would be 6 times as many nonspecialist evaluations as specialist evaluations at the referring hospital, 3, 6, 8, 14 and given an alpha value of 0.05 and beta of 0.20, we calculated that 139 patients and 23 patients would be required in the nonspecialist and specialist groups, respectively, to achieve 80% power.
For variables that had a significant relationship on the appropriateness of transfer (P < .1), we performed multivariate logistic regression analysis to determine which effects truly were important in our model. Significance for the multivariate model was set at P < .05.
Results
The risk of inappropriate transfers was 68.5% (146/213) according to our criteria.
Nonspecialist ( (Table 1) .
After multivariate analysis, the only factor associated with inappropriate transfer was evening shift (beta = −1. (Table 2 ), but multivariate analysis retained only shift and injury type as associated factors (Table 3) .
Discussion
The passing of the EMTALA act has resulted in clear benefits toward severely ill patients, but the unintended consequences of inappropriate transfers have led to some system losses. Different studies have looked at factors responsible for these inefficiencies with various results, though no studies to our knowledge have specifically addressed the effect that outside hospital evaluation has on the suitability of the transfer. Our aims were determine (1) the rate of inappropriate transfers, (2) how the physician who evaluates the patient at the outside hospital affects the appropriateness of transfer, and (3) what other factors are associated with inappropriate transfers.
Our findings should be interpreted in light of the limitations of our study. First of all, we did not always have complete information on what evaluation the patients received at the outside hospital, and we often depended on the information documented by the transfer center. We ended up with 37 patients (17.4%) for whom we were unable to determine what type of physician evaluated the patient at the referring hospital, while only 15 patients had any evaluation by a hand specialist or orthopedic surgeon. It is unclear whether we had enough patients to determine if evaluation from an outside specialist made a difference in the appropriateness of the transfer. We did come close to the number of patients needed from our power analysis, but we could not evaluate any more patients due to a change in our medical records documentation.
Furthermore, as noted previously, our method of determining appropriate transfers has not been rigorously validated. Other studies have defined appropriateness using a variety of methods, though there has been no validation of these methods to date. Patterson et al deemed cases inappropriate or not based on a 10-point visual analog scale that the researchers themselves had developed but had no independent validation. 14 Friebe et al based their assessments on the judgment of a panel of experts. 4 Other reports looked mainly at Injury Severity score. 7, 17 However, our investigation did not differ significantly from the methods of Bauer et al, who looked at the highest level of physician who treated patients transferred to their institution. 2 Although our study did not have a validated method of determining propriety, it is intuitive that if a junior resident is able to treat an injury without involvement of a specialized hand surgeon, that transfer is likely to be inappropriate. It is important to recognize the limitations of using a junior resident's decisions to treat injuries as the data for our study, but on review of the data, we did not find any examples of complications due to delays in treatment.
Our rate of inappropriate transfers was 68.5%, which shows that the majority of transfers are adequately stabilized and sent home by the junior resident without the intervention of an attending surgeon. Similar low rates of proper transfers were found in other studies such as Friebe et al (66% inappropriate), 4 Bauer et al (52% never saw a hand surgeon), 2 Gardiner and Hartzell (53% did not require Note. ED = emergency department; CI = confidence interval; P = p-value.
evaluation by a hand surgeon), 5 Ozer et al (65% of patients airlifted for replantation did not get this surgery), 12 and Patterson et al (75% did not need transfer to a level I trauma center).
14 This points to a likely misuse of resources, as an attending physician at the referring hospital could likely stabilize these patients.
We found that evaluation by outside physicians did not make a difference to the ultimate appropriateness of the transfer. However, given that our odds ratio did not come close to significance while coming close to our number of patients from our power analysis, we believe that our results represent a true negative where there truly was no difference between the appropriate and inappropriate groups. This was a mildly surprising fact, given that intuitively one would think evaluation by a specialist would minimize inappropriate transfers. Other studies have also touched on this topic, and hinted at a problem with specialists not seeing patients before transfer. In one facility, more than 97% of inappropriate transfers were accepted by emergency department physicians without communicating with the oncall orthopedist. 16 Patterson et al. looked at 53 patients who were transferred for higher level of care of hand injuries and found that only 13 of these patients needed the care of a level I trauma center. Out of 15 cases in which there was an on-call hand surgeon at the outside facility, only 3 cases were evaluated by that on-call orthopedist. 14 Crichlow et al also found a minority of transferred patients were evaluated by the available on-call surgeon at the referring hospital. 3 Although these studies do find a trend of lack of evaluation by specialists prior to transfer, we could find no evidence that the specialization of referring physician made a difference in the propriety of the transfer.
We found time of transfer and injury type to be relevant to appropriateness of transfer, though other authors have found different factors to be important. Other studies have also found time of transfer to be relevant, as many inappropriate Note. Boldface text highlights variables that reached significance (p-value less than 0.1 for univariate analysis). SD = standard deviation; CI = confidence interval; P = p-value.
transfers take place after hours or on weekends. 2, 7, 8, 16 The fact that time of transfer is relevant may also be related to the fact that there is difficulty obtaining subspecialty coverage, a problem that has worsened since the advent of EMTALA. 11, 15 In addition, the type of injury sustained by the transferred patient was found to be relevant to appropriate transfers, namely open fractures and amputation-type of injuries. In general, amputations and open fractures tend to be more serious injuries, and we would expect that these would require a higher level of care if community hospitals are unable to properly treat these injuries. Our method of determining appropriate transfers certainly could have affected these results. A junior resident is unable to effectively treat some injuries in these categories without taking it to the operating room, which requires the presence of an attending surgeon. Interestingly, insurance status was not found to be a statistically relevant factor in appropriateness of transfer, and there is some disagreement in the literature as to its importance. Although some studies have found insurance status to be a significant factor to appropriate transfers, 1, 7, 17 other studies have also found no relationship. 2, 10, 13 Another potential situation for which we are unable to account is the possibility that some transfers deemed inappropriate might have been sent to our institution due to a contractual obligation set forth by insurance companies. This specific information is not available through medical record review and may have affected our results. The discrepancy in findings on insurance status suggests that this is a complex issue likely related to a multitude of factors. It is possible that with EMTALA, insurance status is taken out of the equation, and receiving hospitals are now unable to discriminate based on insurance.
In summary, we have found that evaluation by an outside specialist did not make a significant difference in the appropriateness of transfer of hand injuries to a level I trauma center. However, timing of transfer and type of injury did make a difference in the appropriateness of transfer. While it inherently makes sense that injury type should be related to the acuity of injury and need for more specialized care, the fact that different times of day are related to whether a transfer is warranted points to an externality in the system that may call for further study. We must think about system costs and how time of transfer can affect this, as nonmedical factors like timing and convenience may influence the decision to transfer. Further studies can look into incentives for evaluating and stabilizing patients with lower acuity injuries at the referring hospital despite inconvenience. Future research may also look into ways to improve support for local emergency department coverage at inconvenient hours, including possible incorporation of remote consultation between local hospitals and trauma hospitals. Goals of future studies would also include follow-up with a larger number of cases that were evaluated by attending hand surgeons at the referring hospital. As we enter an era in which the value of care is increasingly important, identifying inefficiencies in the system can make a significant difference in delivering cost-effective care.
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